Extensibility o f the Myo filaments in Vertebrate Skeletal Muscle as Studied by Stretching Rigor Muscle Fibres
By Haruo SUGI and Suechika SUZUKI Department of Physiology, School of Medicine, Teikyo University, Itabashi-ku, Tokyo (Communicated by Yasuji KATSUKI, M. J. A., May 12, 1980) In the sliding filament model of muscle contraction,1 3~ it has been assumed that, in vertebrate skeletal muscle, both the thick and thin filaments are rigid while the series elasticity originates from the elasticity of the cross-bridges extending from the thick filaments. Though this assumption is consistent with the X-ray diffraction studies4~ that there is no distinct change in the filament lengths during isometric contraction, it seems possible that an elastic extension of the myofilaments, which is within the limit of accuracy of the X-ray diffraction measurements, takes place during force generation to significantly contribute to the series elasticity. To explore the above possibility, we started to examine the extensibility of the myofilaments by stretching glycerinated rabbit psoas muscle fibres in rigor state, in which the cross-bridges were tightly bound to the thin filaments,5~,s> in the hope that we may visualize the filament extension as a result of stretching.
It will be shown that both the thick and thin filaments in the non-overlap region are highly extensible.
The method for preparing strips of glycerinated rabbit psoas muscle has been described previously.7~ Small bundles consisting of 2-10 glycerinated fibres (about 1 cm in length) were mounted horizontally in a trough (3 ml) filled with a relaxing solution containing 65 mM KC1, 5 mM MgCl2, 1 mM EGTA, 5 mM ATP and 10 mM histidine (pH 6.8). Both ends of the preparation were glued between two stainless-steel rods with a fast-setting adhesive (Aron alpha A, Sankyo) ; one rod was connected to the shaft of a strain gauge (Ugage, Shinko) for tension measurement, while the other was fixed in position. The sarcomere length was measured by optical diffraction with He-Ne laser light, and initially adjusted to 2.0-2.2 pm with a micromanipulator carrying the strain gauge. The preparation was put into rigor state by applying a rigor solution containing 65 mM KC1, 5 mM MgCl2,1 mM CaC12, and 10 mM histidine (pH 6.8). When the resulting rigor tension, which was nearly as large as the Caactivated tension, was fully developed, the middle of the preparation was further glued to another stainless-steel rod which was also fixed in position. Then, one half of the preparation between the strain gauge and the middle stainless-steel rod was slowly stretched (at less than 1 mm/sec) by 5-30%, while the length of the other half remained unchanged to serve as a control. When the tension developed in the stretched half attained a steady level, the whole preparation was fixed by replacing the rigor solution with a glutaraldehyde solution without appreciably changing the final steady tension. The final steady tension attained was 1.5-2.0 times the initial rigor tension with stretches of 20-30% (Fig. la) . The preparation was further postfixed with 0s04, dehydrated with ethanol and embedded in Epon 812. Sections were cut on Poter-Blum MT'-1 microtome with a knife-edge parallel to the fibre axis, and examined with a Hitachi HU-12AS electron microscope. Details of the method for electron microscopy have been described elsewhere. 8 It was found that the sarcomere length in the stretched half of the fibres was always definitely longer than that in the non-stretched half (Fig. 1, b, c) , while the amount of overlap between the thick and thin filaments did not change significantly as a result of stretching (Table I ). This may indicate that, in the rigor state, the sliding Fig. 1 . a : An example of tension records during the procedure used to study filament extensibility in glycerinated rabbit psoas muscle fibres. The preparation was first put into rigor state, stretched by 30% and then fixed with glutaraldehyde.
The middle of the preparation was glued to a stainless-steel rod (arrow) to divide the fibres into two parts before they were stretched. b, c : Longitudinal sections of myofibrils in the non-stretched half (b) and the stretched half (c) of the preparation. The tension record and the electron micrographs were obtained from the same preparation.
Note a distinct elongation of sarcomeres as a result of stretch. Scale bar 2 ~cm. small compared to the filament length changes. With stretches of more than 10%, many myofibrils were seen to be locally overextended or ruptured to result in the disappearance of sarcomere structures, though the length of intact sarcomeres was fairly uniform along the rest of fibre length. This suggests that a large stretch causes successive yielding of weaker points along the fibre as well as a fairly uniform elongation of sarcomeres.
With stretches of less than 5-8%, on the other hand, all the myofibrils appeared to remain intact; if the stretched half was relaxed and returned to the relaxing solution, it could again develop a rigor tension nearly as large as the previous one, indicating that the elongation of the myofilaments does not impair the contractile mechanism provided the amount of stretch is not so large. Experiments are presently being performed to determine the contribution of the filament extensibility to the series elasticity by estimating the degree of extension of the myofilaments under the maximum isometric tension which the fibres generate.
